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Between 1969 and 1983, 608 patients underwent mitral
valve replacement surgery at Cedars-Sinai Medical Cen-
ter. Perioperative rupture of the left ventricular myo-
cardium complicated seven operations (1.2%), five of
. them in the 247 patients with concomitant ischemic heart
disease. Six ruptures were fatal. Relative incidences of
seven previously hypothesized predisposing factors were
determined for patients with and without myocardial
rupture. In addition, because of the apparent frequency
of association with ischemic heart disease and because
all ruptures were posterior or posterolateral, patients
were also categorized by prior history Ofposterior myo-
cardial infarction: 177 patients had none, whereas 49
patients had a remote and 21 patients a recent (::::::1 month)
Mitral valve replacement has a high mortality rate when
there is concomitant coronary artery disease (1,2). Among
the causes, left ventricular myocardial rupture is reported
to be rare (0.2 to 2%) but is frequently fatal (3-10). Previous
studies (I1-18) have suggested an association with a small
left ventricular cavity. ventriculovalvular disproportion, sur-
gical injury to the myocardium and sudden overdistension
of the left ventricle after mitral valve replacement (with or
without interruption of papillary muscle-valve continuity).
The importance of ischemic heart disease has never been
examined. Observation of a fatal posterior wall rupture early
after mitral valve replacement in a patient with a recent
posterior infarct prompted review of our entire operative
experience with this complication.
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posterior wall infarct. Four ruptures (accounting for
57% of all ruptures) occurred in the 21 patients (19%
incidence)with a recent posterior infarct, compared with
only three ruptures in the 587 patients (0.5%) without
a recent posterior wall infarct (p =0.000).
None of the factors of age, sex, valve pathology I etiol-
ogy of valve lesion, concomitant coronary disease, valve
substitute or intraoperative myocardial preservation were
associated with perioperative rupture. These data es-
tablish a low overall incidence of ventricular rupture
after mitral valve replacement, high fatality and possible
etiologic association with recent posterior wall infarc-
tion.
(J Am Coll Cardiol 1987;9:277-82)
Methods
Study patients. Between 1969 and 1983. 608 patients
underwent mitral valve replacement surgery at Cedars-Sinai
Medical Center. Their mean age was 60 ± 12 years (mean
± SO) (range 18 to 86), and 255 (42%) were male. Forty-
three percent had isolated mitral valve replacement, 32%
had both valve replacement and coronary artery bypass
grafting, 19% had double valve replacement and 6% had
double valve replacement and bypass surgery. The valve
substitutes included 285 porcine , 167 Harken , 154 St. Jude
and 2 Bjork -Shiley valve prostheses .
The etiology of the mitral valve disease was rheumatic
in 328 patient s (54%), ischemic in 158 patients (26%) and
secondary to other cause s in 122 patients (20%). The sec-
ondary causes included mitral anular dilation associated with
left ventricular dilation . mitral valve prolap se . infecti ve en-
docard itis , Marfan 's syndrome . congenital mitral regurgi-
tation and degenerative disea se of the mitral valve .
Operative procedure. Mitral valve replacement was
performed under general endotracheal anesthesia with
hemodynamic monitoring (radial artery and pulmonary ar-
tery thermodilution catheters) and cardiopulmonary bypass
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using a bubble oxygenator. Between 1969 and 1978, 284
patients had intermittent ischemic cardiac arrest (aortic cross
clamping) for myocardial preservation. In the subsequent
324 patients, moderate systemic hypothermia (20°C to 32°C)
and intermittent multidose potassium cardioplegia with either
a crystalloid (St. Thomas solution) or modified blood so-
lution at 4°C infused into the aortic root (or coronary ostia)
were used. If concomitant coronary artery bypass was per-
formed, it was accomplished utilizing autologous reversed
saphenous vein or internal mammary artery, or both. Distal
bypass anastomoses were performed first, followed by mi-
tral valve excision and replacement and finally the proximal
anastomoses.
Clinical data. The Cedars-Sinai cardiac surgery com-
puterized data base prospectively enters more than 100 vari-
ables on all patients undergoing open-heart surgery, who
are then followed up at 1 year intervals by telephone and
written questionnaire. This data base provided preoperative
and early postoperative historic, electrocardiographic, coro-
nary angiographic and ventriculographic information and
demographic and late follow-up information.
Preoperative variables were age, sex, symptoms (heart
failure, angina, arrhythmias); mitral valve lesion (mitral
stenosis, mitral regurgitation or mixed); origin of the mitral
valve disease (rheumatic, ischemic or other causes as out-
lined under Methods); and the presence of coronary artery
disease or recent (:s 1 month) or remote infarction.
Cardiac catheterization was performed in all patients
before the operative procedure. Coronary artery disease was
defined as 50% or greater luminal diameter narrowing in at
least one coronary artery.
Transmural myocardial infarction was diagnosed byclin-
ical history and electrocardiographic findings (Q waves),
radionuclide blood pool (akinetic wall motion) or thallium-
201 redistribution (irreversible perfusion defect) scintigrams
or left ventricular angiography (akinesia).
Specific criteria for posterior myocardial infarction were
at least one of the following: 1) electrocardiographic: an
acute increase in the height and width of the R wave in
precordial leads V I and V 2 with or without associated in-
ferior or lateral wall, or both, pathologic Q waves or ST-T
wave change; 2) scintigraphic: posterolateral or postero-
basal akinesia on radionuclide ventriculography or perfusion
defect nonreversibility on rest or exercise thallium-201 re-
distribution scintigraphy; 3) cineangiographic: posterior wall
akinesia; 4) surgical: posterior epicardial scarring; and 5)
pathologic: gross and histologic documentation of posterior
infarction at postmortem examination.
Data analysis. Because past studies suggested a possible
association with them, seven variables were examined in
this study to evaluate their relation to perioperative myo-
cardial rupture. The relative incidence of rupture by sex,
age (> versus :s 60 years), predominant valve lesion, cause
of the valve lesion, coronary artery disease, form of myo-
cardial protection and type of valve substitute was tested
for statistical significance using Fisher's exact test.
After preliminary analysis of the data, patients were clas-
sified into four groups according to mitral valve replace-
ment: 1) without coronary artery disease (Group 1, 361
patients), 2) with coronary artery disease but no previous
posterior myocardial infarction (Group 2, 177 patients), 3)
with coronary artery disease and remote posterior myo-
cardial infarction (Group 3, 49 patients), and 4) with coro-
nary artery disease and recent posterior myocardial infarc-
tion (Group 4, 21 patients).
Results
Seven left ventricular free wall ruptures occurred during
this 14 year experience with 608 mitral valve replacements
giving a 1.2% overall incidence; 6 of these were fatal. All
free wall ruptures involved the true posterior or posterolat-
eral wall and were between the atrioventricular groove and
the posteromedial papillary muscle remnant (Fig. 1). They
occurred on postoperative day 0 (four patients), 4, 5 and
36, respectively. In the one surviving patient (Patient 3,
Table 3), the rupture was recognized intraoperatively and
was successfully repaired.
Table 1 shows the relative incidence of posterior wall
rupture in the four patient groups categorized by the presence
of coronary artery disease and history of posterior wall myo-
cardial infarction. Fifty-seven percent of all ruptures (four
of seven) were in the 21 patients with a recent posterior
myocardial infarction. By comparison, rupture occurred in
oto 0.6% of the patients in each of the other groups. During
this same period there were four ruptures involving the
atrioventricular groove. None of these had associated recent
or remote posterior myocardial infarction.
Clinical associations. Table 2 demonstrates that recent
posterior myocardial infarction was the only tested variable
Figure 1. Diagrammatic representation of the siteof posteriorwall
rupture in this patient series. All seven cases of rupture were
between the atrioventricular groove and the posteromedial papil-
lary muscle remnant. LA = left atrium; LV = left ventricle.
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Table 1. Relative Incidence of Posterior Wall Rupture in Four
Groups of Patients With Mitral Valve Replacement
Group No. of Patients No. of Ruptures
I 361 2 (0.6%)
2 177 1(0.6%)
3 49 0
4 21 4 (19%)
Total 608 7 (1.2%)
Definition of groups with mitral valve replacement: I = no coronary
artery disease; 2 = coronary artery disease without previous posterior
infarction; 3 = coronary artery disease and remote posterior infarction;
and 4 = coronary artery disease and recent posterior infarction.
that was statistically more frequent in patients with peri-
operative rupture. Compared with a 0.7% incidence of rup-
ture with other valve prostheses, there was a 2.4% rupture
rate with the Harken valve; this difference was of borderline
significance (p = 0.09).
Table 3 summarizes the relevant data for the seven pa-
tients with free posterior wall rupture complicating their
valve replacement. These patients were elderly (average age
69 years), and five were female; the majority had mitral
stenosis. Two patients had combined aortic and mitral valve
replacement. Five patients had coronary artery disease and
four of these had posterior myocardial infarction within I
month of surgery. The four Harken valves were of medium
size (No.4), as were the porcine (No. 29) and two St. Jude
(No. 29, No. 31) valve prostheses.
Table 4 examines the 21 patients in whom mitral valve
replacement was performed within 1 month of posterior
myocardial infarction. No statistical comparison was per-
formed because of small numbers, but there were no over-
whelming features that distinguished the 17 patients without
rupture from the 4 patients with this complication.
Careful postmortem examination offive of the ruptured
hearts was performed. In addition, the one intraoperative
rupture was assessed visually by the attendant surgeons as
to cause. In no case was there evidence that rupture was
due to direct surgical injury of the myocardium.
Illustrative Cases (Table 3)
Case 1. A 73 year old woman with coronary artery
disease and mitral stenosis had emergent mitral valve re-
placement in the setting of acute inferoposterior myocardial
infarction. Nine hours after surgery, the patient had a mas-
sive hemorrhage from her chest tubes. At autopsy, the pros-
Table 2. Impact of Risk Factors on Incidence of Posterior Ventricular Wall Rupture After
Mitral Valve Replacement
Patients at Risk
Posterior Wall Rupture
Variable (n = 608) No. % p Value
Age
<60 years 219 (36%) I 0.5 } NS60 or older 389 (64%) 6 1.5
Sex
Male 255 (42%) 2 0.8 }
Female 353 (58%) 5 1.4 NS
Mitral lesion
Stenosis 85 (14%) 3 3.5 }
Mixed or predominant 523 (86%) 4 0.8 NS
regurgitation
Coronary disease
Yes 292 (48%) 5 1.7}
No 316 (52%) 2 0.6 NS
Recent posterior infarct
Yes 21 (3.5%) 4 19 } 0.0No 587 (96.5%) 3 0.5
Myocardial arrest
Anoxic 284 (47%) 5 1.8 }
Cardioplegic 324 (53%) 2 0.6 NS
Valve substitute
Harken 167 (27%) 4
24 }Porcine 285 (47%) I 0.4
51. Jude 154 (25%) 2 1.3 NS
Bjork-Shiley 2 (0.3) 0 a
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Table 3. Seven Cases of Posterior Wall Rupture Complicating Mitral Valve Replacement
Age (yr)
Patient & Sex Lesion Operation Mitral Prosthesis CAD Recent PMI
I 73F MS MVR-ICC Harken Yes Yes
2 72F MS MVR-ICC Harken No No
3* 55M MS MVR-ICC Harken Yes No
4 68F MS/AS DVR-ICC Harken No No
5 74M MR/AI DVR-ICC Porcine Yes Yes
6 67F MR MVR-HCP SI. Jude Yes Yes
7 75F MS MVR-HCP SI. Jude Yes Yes
*Rupture recognized and repaired intraoperatively, and the patient survived. All other patients died as a
result of the myocardial rupture. AI = aortic insufficiency; AS = aortic stenosis; CAD = coronary artery
disease; DVR = double valve replacement; HCP = hypothermic cardioplegia; ICC = intermittent cross
clamping; MR = mitral regurgitation; MS = mitral stenosis; MVR = mitral valve replacement; PMI =
posterior myocardial infarction.
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thetic valve (Harken) was found to have eroded through the
recently infarcted posterior wall,
Case 5. A 74 year old white man with mitral and aortic
insufficiency underwent a lengthy and technically difficult
double valve replacement (Hancock prostheses). On the fourth
postoperative day, the patient hemorrhaged through the me-
diastinal chest tubes and could not be resuscitated. At au-
topsy there were massive left and right ventricular hyper-
trophy, recent necrosis of the posterior and lateral left
ventricular walls and perforation of the infarcted ventricle
at the site of contact with one of the commissural valve
posts.
Case 6. A 67 year old woman with mitral regurgitation
and coronary disease had mitral valve replacement with a
St. Jude prosthesis 2 weeks after posterobasal myocardial
infarction. Seven hours postoperatively, the patient had a
sudden rise in systolic blood pressure, followed by exsan-
guinating hemorrhage through the mediastinal drainage tubes.
Table 4. Mitral Valve Replacement in 21 Patients Early
After Posterior Infarction; Comparison of Patients
With and Without Rupture
Rupture No Rupture
(n = 4) (n = 17)
Age (yr) 72 65
Female sex 75% 29%
Predominant lesion
MS 2 (50%) 3 (18%)
MR or mixed 2 (50%) 14 (82%)
MVR 3 (75%) 16 (94%)
DVR 1(25%) 1(6%)
Aortic cross clamping 2 (50%) 6 (35%)
Cold cardioplegia 2 (50%) 11(65%)
Prosthesis
Harken 1(25%) 3 (18%)
Porcine 1(25%) 8 (47%)
SI. Jude 2 (50%) 6 (35%)
Abbreviations as in Table 3.
At autopsy, an oval-shaped rupture of the free posterolateral
wall was noted in a region characterized by thinning and
histopathologic changes of a 2 week old myocardial infarc-
tion.
Case 7. A 75 year old white woman with mitral regur-
gitation had electrocardiographic evidence of acute poster-
olateral infarction immediately after mitral valve replace-
ment (St. Jude prosthesis). On the fourth postoperative day,
the patient had a terminal cardiopulmonary arrest. Autopsy
revealed that the proximal left circumflex artery was encir-
cled and partially occluded by an atriotomy suture. There
was a large necrotizing posterolateral infarction in the dis-
tribution of the ligated vessel with associated rupture and
hemopericardium.
Discussion
Ventricular rupture complicating mitral valve re-
placement. Left ventricular rupture after mitral valve re-
placement has been associated with a variety of possible
predisposing causes. This is the first report to indicate the
likely importance of recent posterior wall infarction as a
risk factor. In our series of 608 mitral valve replacements,
there were 7 cases complicated by ventricular rupture, 4 of
which were in patients with existent regions of myocardial
necrosis involving the true posterior or posterolateral wall.
Six of the seven ruptures were fatal. These data establish a
low overall incidence of ventricular rupture after mitral valve
replacement (1.2%), an etiologic association with recent
posterior infarction (in our series 57% of all ruptures were
in such patients) and a high fatality rate (86%), Posterior
infarctions older than 1 month were not associated with an
increased risk for cardiac rupture. Recognition of this in-
creased risk is potentially important in view of the recent
trends for acute revascularization and valve replacement
after myocardial infarction. Our patient population is char-
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acteristic of recent experience with mitral valve surgery. in
that 4l % of patients had coexisting coronary arte ry disease .
Possible etiologic mechanisms of rupture. Exten sive
published data address an association between acute myo-
cardial infarction and cardiac rupture . In 1647 Harvey (19)
described a patient with free left ventricular wall rupture
who died after an epi sode of prolonged chest pain. Today.
cardiac rupture complicates up to 8% of cases of acute
infarction and contributes substantially to mortality (20). A
higher incidence has been reported in women and the el-
derly; the peak incidence is in those over 70 years of age
(2 1). There is also a correlation between hypertension in
the acute phase of myocard ial infarction and cardiac rupture
(22).
The review of Rasmussen et al. (20) of 72 consecutive
cases of infarction-related cardiac rupture (20) may provide
insight into why acute rupture may be more common in the
setting of fresh myocardial necrosis and valve replacement.
In their series. the peak incidence of rupture was between
the second and eighth days after infarction , coinciding with
the period in which myocardial necrosis and softening are
maximal. As the most common site of rupture was the
junction of infarcted with healthy tissue, the increa sed ten-
sile strength generated at this site is a probable pathogenic
factor.
It has been reported (23) that the rigid prosthetic valve
ring exerts increased shear forces across the ventricular myo-
cardium. which may be most important posteriorl y where
the ventricular myocardium is thinnest. These high shear
force s may further increase the likelihood of cardiac rupture
if the poster ior wall has been freshl y infarcted . Similar to
the reported experience of others , we found that advanced
age. female sex and presence of mitral stenosis appeared to
increase the risk of this complication in the high risk group.
However, none of these was an independent risk factor .
Most ruptures occurred with medium-sized (the most com-
mon size mitral valve used at our center) (24) low profile
valve prostheses, makin g it unlikel y that valve size and
attendant mechanical impingement on the myocardium were
primary incitin g factors for rupture .
Possible treatment strategies. Although no study pro-
vides guidance , therapeut ic options to avoid cardiac rupture
that would seem reasonable are careful control of postop-
erative blood pressure and ventricular volume in those high
risk patients with mitral valve replacement performed in the
setting of recent posterior infarction . The maintenance of a
high index of suspicion is also important so that appropriate
emergent intervention can be performed if requ ired . Mitral
valve replacement in the setting of recent posterior myo-
cardial infarction should be delayed as long as possible so
that compl ete healing of the posterior wall can occur.
Conclusions. Our experience confirms that free posterior
wall rupture after mitral valve replacement is usually fatal.
The results of this study suggest that patients with coexisting
coronary artery disease and recent poste rior wall infarction
present an increas ed risk for cardiac rupture after mitral
valve replacement. This increased risk is important in view
of the increasing number of patients undergoing acute re-
vascularization and mitral valve replacement after acute
myocard ial infarction .
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